Objectives To describe the impact upon maternal anxiety of newborn hearing screening and examine the possible moderating role of knowledge. Methods Questionnaires assessing maternal state anxiety, worry and certainty about the baby's hearing, and knowledge about screening, were sent to four groups of mothers three weeks after screening: Group 1 consisted of mothers whose babies had clear responses on a first or second screening test (n ¼ 103); Group 2 consisted of mothers whose babies had clear responses on the third screening test (n ¼ 81); Group 3 consisted of mothers whose babies did not have clear responses in one ear at the third screening test and were referred for audiological assessment (n ¼ 105); and Group 4 consisted of mothers whose babies did not have clear responses in either ear at the third hearing test and were referred for audiological assessment (n ¼ 55). Results Although mean anxiety levels were in the normal range, there was a significant trend for anxiety to rise as testing increased (F(1,327) ¼ 4.280, Po0.05). Worry increased significantly (F(1,337) ¼ 70.432, Po0.001) and certainty decreased significantly (F(1,339) ¼ 27.474, P ¼ 0.001) as the number of tests increased. Although total knowledge did not significantly moderate anxiety (R 2 ¼ 0.016, P ¼ 0.096), there was a significant interaction between mothers' group and one knowledge item, understanding that receipt of no clear responses was unlikely to mean that the baby had a hearing loss: mothers in Group 4 who understood this had lower anxiety (F(3,323) ¼ 4.791, P ¼ 0.01) and lower worry (F(3,332) ¼ 3.565, Po0.01) compared with mothers who did not. Conclusions Understanding the meaning of being recalled following screening may avoid some of the anxiety associated with this.
BACKGROUND
Psychological implications of screening S creening programmes allow early identification and treatment of illness. They also have potential costs including psychological distress, particularly among those who screen positive and require further tests. 1, 2 Receiving a positive screening test result is associated with emotional distress in the short term. 3 There is, however, some evidence to suggest that this adverse psychological consequence of screening can be avoided or reduced. 3 While it is believed that increasing screening participants' knowledge of the screening test prior to testing reduces anxiety, the few intervention studies aimed at increasing knowledge to prevent anxiety conducted to date have yielded mixed results. [4] [5] [6] Further research into the relationship between knowledge and anxiety is warranted.
Newborn hearing screening
A pilot study of the implementation of the newborn hearing screening programme (NHSP) in England commenced in January 2002. In the hospital-based programme, newborn hearing screening is typically carried out within 48 h of birth and comprises three possible stages. 7 If a baby does not have clear responses (indicating normal hearing) in both ears at a particular stage, the child proceeds to the next stage of the screen. The first stage of the screen comprises an otoacoustic emissions (OAE) test. If clear responses are not received, a second OAE test is conducted. If clear responses are still not received the automated auditory brainstem response (AABR) test is conducted. If clear responses are still not observed from one or both ears at this third test, a referral for diagnostic testing for possible unilateral, or bilateral, hearing loss is made. The evaluation of NHSP in England (unpublished data) indicates that about 8.4% of all babies who undergo newborn hearing testing in England will not have clear responses on either the first or second OAE tests and will require an AABR, and about 1.6% of all babies will not have clear responses on the AABR and will require referral for diagnostic testing. An average of around 11.5% of babies referred for diagnostic testing will be found to have hearing loss.
Given that newborn hearing screening can involve a number of tests before a baby is either discharged or referred, it has the potential to generate anxiety in parents. [8] [9] [10] [11] The aim of the present study was to describe the emotional impact upon mothers of receiving a referral for diagnostic testing following newborn hearing screening. On the basis of increased testing and the different implications of different results, it was predicted that anxiety would increase linearly with the number of tests needed. The extent to which anxiety may be reduced the more mothers understood about the test was also examined.
METHOD Design
A descriptive study was conducted comparing the responses of four groups.
Measures
Four outcomes were measured by questionnaire:
Maternal state anxiety: assessed using the short form of the state scale of the Spielberger State-Trait Anxiety Inventory. 12 Scores on this measure range from 20 to 80, with a normal score of 35 and a clinical range indicated beyond 49. The reliability of this measure in this sample is indicated by a Cronbach's alpha of 0.81.
Worry about the baby's hearing: assessed using one item asking 'how worried do you feel at the moment about your baby's hearing?' Mothers indicated their worry on a seven-point scale anchored by 'not at all worried' and 'extremely worried'.
Certainty about the baby's hearing: assessed using one item asking 'how certain do you feel at the moment that your baby is normally hearing?' Mothers indicated their certainty on a seven-point scale anchored by 'not at all certain' and 'very certain'.
Knowledge about the NHSP: assessed using an eight-item multiple-choice measure similar to ones developed for assessing knowledge of prenatal screening tests. 13 The alpha for this scale was 0.57. Further information about the scale is available from the authors.
Participants
A total of 344 mothers of babies who had received hospitalbased newborn hearing screening at one of the NHSP pilot sites participated in the study. These mothers comprised four groups: Babies who had been admitted to the Special Care Baby Unit were excluded from the study because of the likelihood of raised anxiety levels in mothers of these babies.
Sample size calculations
The study was designed to have 80% power to detect a small to medium effect size of f ¼ 0.17 of screening result group upon state anxiety at the P ¼ 0.05 level of significance. This required 100 respondents per study group.
Procedure
Ethical approval for the study was given by the North West Multicentre Research Ethics Committee (MREC 01/8/49). On the morning of the hearing screening, screeners gave mothers a leaflet including descriptions of the screening tests and the meaning of screening test results. Immediately before screening, screeners gave mothers a brief verbal explanation of the screen. Women were informed about the possibility of being asked to participate in this study when giving consent to the screening tests. Questionnaires were sent three weeks after completion of the screen to a random sample of mothers of babies receiving different results (further information on sampling is available from the authors). If a completed questionnaire or a decline form had not been received three weeks later, a reminder was sent.
Analysis
Analyses were conducted using SPSS for Windows version 10. The main analyses consisted of one-way analysis of variance (ANOVA) comparing levels of anxiety, worry, certainty and knowledge across the different hearing test results groups. Planned contrasts were calculated to ascertain whether, as predicted, anxiety, worry and uncertainty were highest in Group 4, followed by Group 3, followed by Group 2, with Group 1 having the lowest levels. Pearson correlations were conducted on data from Groups 3 and 4 to explore possible relationships between worry, certainty and knowledge. Hierarchical multiple regression was used to explore the moderating effect of knowledge on anxiety of mothers in the different groups. Three analyses of variance using a 2 (correct or lack of understanding of specific information) Â 4 (hearing test result group) were used to examine the effect of understanding that the most likely reason for referral was not hearing loss on anxiety, worry and certainty.
RESULTS
Overall, a return rate of 53% (384/722) was achieved, comprising return rates of 65% in Group 1, 57% in Group 2, 48% in Group 3 and 41% in Group 4. The demographic characteristics of respondents are shown in Table 1 . Oneway ANOVA found that age differed significantly between groups (F(3,340) ¼ 2.959, Po0.05). Correlations between outcome variables and age showed an association between age and certainty about the baby's hearing (rho ¼ 0.107, n ¼ 343, Po0.05). In order to identify whether there were differences between the groups in educational level, a w 2 test was conducted. There was a marginally significant difference between the groups in educational level (w 2 (6) ¼ 10.977, P ¼ 0.089). Correlations between outcome variables and educational level showed an association between knowledge and educational level (rho ¼ 0.225, n ¼ 339, Po0.001). Given these results, the main analyses were also run controlling for the associations of age and certainty, and knowledge and educational level. In both cases, this made negligible differences to the results and did not affect the key findings. The number of non-white responders was too small to conduct a w 2 test to identify any differences according to ethnicity. Table 2 indicates that maternal anxiety was in the normal range. Although the omnibus ANOVA on maternal anxiety was not significant (F(3,327) ¼ 1.486, P ¼ 0.218), the planned contrast was significant with maternal anxiety increasing across the four groups (F(1,327) 4.280, Po0.05). Anxiety was highest in mothers of babies recalled with possible bilateral hearing loss (Group 4) and lowest in those who received clear responses on the initial screening test (Group 1). Overall, worry about the baby's hearing was low and certainty was high. However, there were significant differences between the groups in levels of worry (F(3,337) ¼ 26.631, Po0.001) and certainty about baby's hearing (F(3,339) ¼ 10.258, P ¼ 0.001). Significant planned contrasts showed that, as predicted, worry increased (F(1,337) ¼ 70.432, Po0.001) and certainty decreased (F(1,339) ¼ 27.474, Po0.001) as the implications of the screening tests for the baby's hearing grew more serious.
Relationship between knowledge and anxiety
Mean knowledge scores were between five and six out of a possible eight across the sample, and there were no significant differences between groups (F(3,339) ¼ 1.726 P ¼ 0.161).
There were no significant correlations between knowledge and anxiety among mothers of babies requiring assessment for a possible unilateral hearing loss (Table 3 ). However, among mothers of babies referred for a possible bilateral loss, higher knowledge was associated with lower state of anxiety (rho ¼ À0.297, n ¼ 53, Po0.05), and greater certainty that the baby was normally hearing (rho ¼ 0.266, n ¼ 55, Po0.05). The moderating effect of total knowledge on anxiety was examined using multiple regression (see Table 4 ). On the first step, the variables knowledge and group (dummy coded with Group 1 as the reference group) were entered. On the second step, the knowledge Â group product terms were entered. The first step of the model did not significantly explain variance in state anxiety (F(4,326) ¼ 1.355, P ¼ 0.249, adjusted R 2 ¼ 0.004). The addition of the product terms on the second step marginally improved the prediction of anxiety (F change (3,323) ¼ 2.259, Po0.09, R change 2 ¼ 0.02, adjusted R 2 ¼ 0.016). Nonetheless, none of the individual predictors in the model was conventionally or marginally significant.
Specific knowledge and reactions to screening
Given that knowledge, in general, did not moderate the effect of test result on anxiety, the potential moderating effects of specific items of knowledge from the scale were investigated. ANOVA revealed significant main effects on state of anxiety of understanding that referral for diagnostic testing was unlikely to mean that the baby had a hearing loss (F(1,323) These interactions (Figures 1-3) show that anxiety and worry were higher, and certainty lower, among mothers of babies recalled for diagnostic testing for a possible bilateral hearing loss who did not understand that the test result 'no clear responses' was unlikely to indicate a hearing loss, compared with those mothers who did understand this.
DISCUSSION
Although state anxiety across the sample was in the normal range, there was a significant linear trend for anxiety to increase across the four groups as the potential seriousness of the results increased. While it might seem self-evident that anxiety would increase as testing increases, this research is the first, to our knowledge, to illustrate that maternal anxiety increases with the number of tests that a baby requires.
While there were low levels of worry and high levels of certainty across the whole sample, mothers of babies referred for audiological assessment were significantly more worried and less certain about their babies' hearing compared with mothers of babies not receiving such a referral. Overall, mothers showed good knowledge about hearing screening, and this did not differ significantly between the groups. Among mothers of babies who received a bilateral referral as the baby had received 'no clear responses' from either ear, the higher the knowledge, the lower the mothers' anxiety and greater the certainty that the baby's hearing was normal. Although overall knowledge about hearing screening did not have a significant moderating effect on maternal anxiety, understanding that the most likely reason for 'no clear responses' was not hearing loss moderated the emotional impact of a bilateral referral, with mothers understanding this having lower anxiety and worry and greater certainty about their babies' hearing being normal. To our knowledge, this is the first time that a clear association between knowledge about screening tests and anxiety following recall has been shown. Furthermore, the study indicates that the key information in reducing anxiety is understanding the meaning of recall for further tests.
These findings underline the importance of the parent's understanding of the possible reasons for recall following hearing screening. It might be argued that explaining to parents that the most likely reason for referral is not hearing loss could increase distress when a baby is subsequently diagnosed with hearing loss. Against this, a recent study has indicated that most parents of babies thus diagnosed felt that it had been right for professionals to reassure them at the point of referral about the unlikelihood of hearing loss. 14 Two factors may have resulted in an underestimation of anxiety generated by newborn hearing screening in this study: the timing of the questionnaires and bias in respondents. By the time mothers received, completed and returned questionnaires, more than four weeks had passed since screening was conducted. Review evidence suggests that psychological distress is highest in the period immediately following screening and quickly fades, being no longer apparent one month later. 3 Underestimation of anxiety might also occur if anxiety is greater in non-responders than that in responders. There is good evidence in evaluation of other screening programmes to show that non-responders to questionnaire follow-ups are more distressed than responders. 15, 16 Thus, our results may underestimate the anxiety caused by recall following newborn hearing screening.
The current study has a number of important strengths. It provides the most robust assessment to date of the emotional impact of newborn hearing screening using established measures. The research was comprehensive in considering the impact on mothers of the number and type of screening tests conducted, and in distinguishing between the effects of referrals due to screening tests indicating a possible unilateral or bilateral hearing loss. However, some limitations should be acknowledged. First, the response rate is relatively low which, although typical of response rates observed in questionnaire-based postal surveys, 17 limits the strength of conclusions that can be made. Second, the crosssectional design means that the causal direction of the observed relationships between anxiety and knowledge cannot be inferred. Thus, it is not possible to identify whether it is poorer understanding that leads to greater anxiety, or higher anxiety that leads to poorer processing of information about the screening test. Third, the number of mothers participating whose babies required a bilateral referral after having received 'no clear responses' in either ear did not reach the number required to detect a medium effect of the screening test result on maternal anxiety. This reflected the relatively small numbers of infants receiving this result and the lower response rates in this group (which may in turn reflect a less positive experience of screening). Finally, although fathers as well as mothers might experience anxiety as a result of newborn hearing screening, this study only considered the experience of mothers.
In summary, the results of the current study suggest that newborn hearing screening can result in increased emotional distress, at least in the short term, in mothers whose babies require a number of tests. Furthermore, the findings suggest that understanding the meaning of test results may prevent anxiety associated with referral for possible bilateral hearing loss. Further studies are needed to test the validity of these results in this and other screening programmes.
